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WIND-TUNNEL PROCEDUEE FOR DETERMINATION OF CRITICAL STABILITY AND CONTROL 

CHARACTERISTICS OF AIRPLANES 

By Harry J. Goett, Roy P. Jackson, and Stkvex E. Bklsley 



SUMMARY 

This report outlines the f ight coiylltions that are usually 
critical in determining the design of components oj an airplane 
xvliich afect its sfability and control characteristics. The 
unnd-tunnei tests necessary to determine the pertinent data Jor 
these conditions are indicated, eind the methods of computation 
used to translate these data into characteristics which define 
the flying qualities oJ the airplane are illustrated, 

INTRODUCTION 

The (l(»vc'I()pment of flying-rjiialitios Rpo{*ifi cations (rofci- 
onces 1, 2, and '4) lias csLablislied specific criteria with which 
the characteristics of an air])h^no normally will be compared. 
Tlie pi-ohlem posf^l in the preliminary design of an airplane 
is the determination of which of these criteria will influence 
the design of the various components of the airplane that 
adect the stability and control characteristics^ and the 
magnitude of the efTect. As an aid in this design problem, 
methods have been develoi)ed by which tlu* data, obtained 
from wind-tunnel t(^sts of j)owered modc^ls^ can be tr-an slated 
into flying-qnalities charactei'istics observable in flight tests 
(in the terms of wdiich the flying-qnalities specifications are 
written). Ai)])lication of these methods to six difTeivnt 
airplanes has indicated that the same requirements represent 
the critical conditions on all conventional airplanes, and that 
if these conditions are met it will follow that the remainder 
of the specifications will be satisfied. By permiltirig con- 
centration on these few conditions a considerable simplifica- 
tion of the design process results. 

It is the purpose of this report to outline the critical con- 
ditions for each component of the airplane, to indicate the 
wind-tunnel tests necessary to determine the pertinent data, 
and to illustrate the methods of com])utation used to trans- 
late these data into characteristics which <lefine the flying 
qualities of an airplane. 

DISCUSSION 

The flying-qualities requirements can be stated under 
three major headings: 

1. Stability shall exist under specified conditions. 

2. Control shall exist imder specified conditions. 

3. Control forces shall be kept within specified hmits. 
Each of these requirements is, to some extent, contradictory 
to the other two and, fuf therm ore, airplanes now have been 
developed to such sizes and powers that the attainment of 
all three requirements is quite difficult. Hence, despite the 



fact that from the ultimate flying-qualities standpoint it is 
desirable to satisfy some of the requirements by as ample a 
margin as possible, the designer normally will find it expe- 
dient to base his original design on small margins, in order 
to minimize the difficulty of compromising conflicting re- 
quirements. If this is not done for one requirement, tho 
attainment of the other two by normal means may be 
impossible. 

To illustrate this point, the horizontal tail on a typical 

high-powered, single-engine airplane must be the smallest 
which will give the required stability in a rated-power climb, 
and the elevator must be the smallest wdiich will give the 
required control in landing, in order to keep the balance 
requirements for low control forces in accelerated maneuvers 
within reasonable limits. With regard to wing dihedral, 
care must be taken not to exceed the amount requiri'd for 
the maintenance of lateral stability in the low-speed, high- 
power condition where the diluulral effect will be minimum, 
or excessive dihedral effect w ill result at high speeds. The 
size of the rudder must be limited to the smallest that will 
give adequate control in order to keep the rudder-pedal 
forces within the required limits. 

If it is assumed that the preliminary design has been 
completed on the above basis, it will be the function of the 
first w ind-tunnel tests to obtain data from which any read- 
justnuMits in the airplane components, necessary to securc 
satisfactory characteristics, can be detei'mined. As con- 
ceived herein, the first series of w^ind-tunnel tests would be 
restrict(vl to the critical conditions with regard to each 
characteristic. A series of tests sufficiently complete to 
form a basis for a more general flying-qualities prediction, 
or an analysis of secondary effects, would not be made 
until the changes shown to be necessary by the first series 
of tests had been incorporattvl in the model. An outline 
for such a preliminary series of tests as just discussed is 
given in tables I, 11, and III for a single-engine airplane 
and in tables I, II, and IV for a twin-engine airplane. An 
attempt has been made to make these tal)les self-explanatory 
when considered in the light of a flying-qualities specifi- 
cation (references 1, 2, and 3). Figures I to 16 present 
a typical set of results. The method of translating the 
wind-tunnel results into the terms of the flying-qualities 
specification is outlined in these figures. 

The choice of critical conditions and the tables have been 
made aft(T a detailed study of the diaracteristics of three 
typical single-engine airplanes and three twin-engine air- 
planes, with right-hand rotating propdlers. In each case, 

1 
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it was fouiul that if the 10 major points as outlined wore 
satisfied, the other eharacteristics called for in tlie flying- 
qualities specifications would be met. It is believed that 
this conclusion will be similar for other conventional 
airplanes. 

Each of the ten items listed in the tables is directed 
toward one major variable in the airplane design. Thus, in 
th<^ usual case 

Horizontal tail size will be determined by item I. 
Elevator size will be determined by item IT. 
Elevator balance will be determined by item III. 
Minimum dihedral will be determined l)y item TV, 
Maximum dihedral will be determmed by item V. 
Aileron size will be determined by item Yl, 
Aileron balance will be determined by item ^^LI. 
Vertiml tail size will be determined by item \T^TT. 
Rudder size will be determined by item IX. 
Budder balance will be determined by item X. 

Obviously there is a closer hiterrelation among the charac- 
teristics than tlie above listing implies, and important changes 
can be required after consideration of ^^sccondary'' variables. 
However J to a fii'st approximation the variables listed will 
establish the airplane stability and control characteristics 
after the first basic arrangement of wing and fust^age is 
established. Changes in other features of th(^ airplane com- 
ponents will normally be in the nature of refinements, rather 
than major changes. 



The surface deflections given in the text arc oidy repre- 
sentative values corresponding to the range of deflections 
needed in ascertaining the flying qmUities of the airplanes 
upon which the study has been based. An optimum selec- 
tion can be best determmed from a cursory examination of 
the basic runs with control surfaces neutral, with due regar(l 
for the maximum deflections upon which tlie design is based. 
It wiU be noted that tail-off I'uns are called for in the tal>les 
o]dy when they are necessary for the computation of tlie 
flying qualities. However, in order to provide data which 
will aid in any necessary re<lesign, the addition of a tail-ofl* 
run for otlu^r test conditions is considered desirable. 

A typical set of data as obtained from the runs called for 
on the tables is shown iu the figures and tlie cross plots and 
computation methods necessary to reduce these data to the 
form of the flying-qualities characteristics arc outlined. As 
in the table, these figures are intended to be in sucli detail 
as to require no further explanation. In the computation 
procedure certain vsimplifications and assumj>tions have been 
made, but it is believed that all factors which will bear an 
important influence on tlu' final result have been incliuhnl. 



Ames Aekonauttcal Laboratory, 
National Advisory Committee for Aeronautics, 
MoFFETT Field, Calif. 
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(b) Computation table. 
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(d) Aifidanc steady flight characteristics. 



280 



FiGTTRE L Variation of elevator angle and stick force with speed. Steady flight with flaps 
and gear up and rated power. Single-engine airplane. 
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(b) Computation table. 
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Cm Ch, Indicated airspeed, V^, mph 

(c) Model characteristics cross-plotted. (d) Airplane steady flight characteristics 



FrorRE 2.- Variation of elevator angle and stick force with fipeed. Steady flight with flaps 
and gear down, 50-pcrccnt normal rated power. Single-engine airplane. 
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The above computations are for the throe point attitude. Conii)utalions for landing at greater speeds are made by interpolating between the j| limits of part (a). 

The results of reference ^ indicate a smaller increase in Cl^^ at a constant attitude duo to ground effect, than that'computed by reference 4. Reference S also indicates a pitching 
moment increment on the wing, due to ground <>(Tect that tends to stall tlio airplane. The computation?; above do not allow for the ground effects noted in reference h. This proeedur© 
results in a conservative estimate of 5, and stick forct; to land (with respect to reference 5). 



(b) Compiitation table. 




Elevator deflection, 6f, deg Indicated airspeed, Tf, mph 



(c) Model characteristics cross-plotted. (d) Airplane landing characteristics. 



Figure 3.— Variation of elevatcjr angle and stick force in landing. Flaps and gear down, propeller windmilling. Single-engine airplane. 
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(a) Model characteristics dotermliicd from wind-UmnoI tests, c. g. at 2n-pcrc^nt MAC. 
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(b) Computation table. 
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(c) Model characteristics cross-plotted. 
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(d) Airplane accelprated flight stick-force characteristic?. 



FiGi RE 4. Variation of elevator stick force with normal acceleration in steady turning flight. 
Flaps and gear up, propeller windmilling. Single-en ginc airplane. 
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Angie of yo)^, ^ , deg 

Figure S.—Dihedral characteristics at low speed. Flaps and gear down, 50-percent normal 
rated power. Single-engine airplane. 
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Angie of yaw ^ ^ , deg 
(a) Model characteristics determined from wind-tunnel tests. 
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(b) Divergence characteristics of airplane. 
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Figure 6.— Lateral-stability characteristics at high speed. Flaps and gear up, rated power. 
Single-engine airplane. 
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CoiuUt ion 


! Aileron throw 


RoUinR moment due 
1 to ailerons. From 
fig. (a-1) 


1 

|U "w .St 
'35 \ "vj 

s 


reduction factor- 
due to side-slip * 


® 
X 

H® 


Total aileron deflec- 
tion, baf 


High-speed ' 


% 


0.051 


0.109 


0. 91 


0. 099 


30° 


Full 


.061 


.130 


.91 


,118 


40'' 


Low-speed * 


% 


.042 


.097 


.80 


.078 


30^ 


Full 


.050 


.116 


.80 


.093 


40° 



1 F<=0.8T ».».-266niph; Cl=0.18, a=0.2^ 

2 1.2 Ci.=0.86, a=10.4**. 

s Ci-= -0.47 at high spee.d and -0.43 at low speed (from ref. 6). 

* Believed to be representative of modern high performance airplanes. (Assumes a rigid 
wing.) 

(b) Computation table, flaps up. 
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4 8 12 

Angle of alfack, ec, deg 
(a> Model characteristics deterniincd from wind-tunnel tests. 
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40 60 
Total aileron deflection, 6aj^ deg 



(c) Airplane rolling characteristics with flap.s up. 



Figure 7.-Aileron control characteristics {pbl2V against aileron deflection). Flaps and gear up. Single-engine airplane. 
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-10 0 10 . 

Aileron deflection, 6 at deg 

(a) ningc-moraent characteristics determined from wind-tunnel tests. 
Note: ninge-momenrodefficients obtaino<i from two-dimensional data 
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O.SV^aT ' 266 mph 



.04 .06 .12 ,16 ,20 

(pb/ZV)„gj, rudder locked 

(c) Aileron stick-force characteristics in steady rolls. 
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® 
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® 


® 


® 


% ■ 


® 


® 


Aileron 
position 


Left 
aileron 
deflec- 
tion, 


Right 
aileron 
deflec- 
tion, 

«-« 


from fig. 7 


Tndncrd 
angl*' due 
to rolling 

Aa= 
40. x®' 


Average 
attack < 
aileron 

Left 
a— Aof 


angle of 
3ver each 
s 

Kight 


C.,^ for 
and 
from 
(a) above 


CA.^for 
ban and 
ot^ from 
(a) above 


Summa- 
tion Ca^ 

®-® 


Stick force 


Aileron 
control 
force in lb 


0 


0 


0 


0 


0 


0 


0 


-0. 002 


-0.002 


0 


12-3 


0 


W throw 


" 5° 




0.035 


I. 4° 


-1.4° 


1.4° 


- .005 


0 


-0. 005 


12.3 


11 


Yi throw 


10° 


-10° 


.058 


2. 7° 


-2. 7° 


2, 7° 


-.015 


.006 


-.02] 


12.3 


47 


?4 throw 


15° 


-15° 


.089 


3. 6° 


-3.6° 


3, G° 


-.044 


.021 


-.005 


12.3 


123 


Full throw 


20° 


-20° 


.118 


1 


-4.7° 


4. 7° 


-.118 


.041 


-. 159 


12.3 


354 



, Aa=40. X 
a «=0.2° at 0.8 T% 



(zr) ^^"'"^ where l\ and h are distances from plane of sjTnmetry to inboard and outboard ends of the aileron. 
=206 mph.; g=181 Ib/sq ft. (b) Computation table. 

Figure 8.— Variation of aileron stick force with />&/2T' at high speed. Flaps and gear up. Single-engine airplane. 
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Cn, 0 



-.02 




ChtO 



Ang/e of yaw, , deg 
(a) Model characteristics determined from wind-tunnel tests. 
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(!) 
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® 


® 


Rudder 
angle. 


^ for Cn 
oquals 
zero 


0 for C»=0 
equals 
for C«-0 


Cfc, for 

©and® 


Pedal force 


Pedal 
force, 
lb 


-25* R 
-20* R 
-15* R 
0* 

15* L 
20* L 
25* L 


28. 5* 
21.5* 
10. 5° 
-6.7° 
-17.2* 
-20.7* 
-25.0* 


28. 5 °L 
21.5° L 
10. 5° L 
6. 7° R 
17.2° R 
20. 7* R 
25. 0* R 


0. 030 
.040 
.070 
.010 
-.050 
-.057 
-.055 


26.6 
26.6 
26.6 
26.6 
26.6 
26.6 
26.6 


2.'i R 
34 R 
59 R 
8 R 
42 L 
48 L 
46 L 



V<=111 mph g=31.51W8q ft., wtng loading=32.filWsq ft. 

(b) Computation table. 
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Figure a. 



Ang/e of s/des//p, /?, deg 

(c) Airplane steady sideslip characteristics. 

-Variation of rudder angle and pedal force with sideslip at low speed. Flaps and 
gear up, normal rated power. Single-engine airplane. 
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-/e -12 -8 
Ang/e of yow, ^ j deg 

(a) Model characteristics determined from wind-tunn<'l tests. 
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® 
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® 
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Rudder 
angle, 


^ for C« 
equals 
zero 


/S for C«=0 

equals 
-^for C«=0 


Ck, for 

® and (2) 


Pedal force 


Pedal 
force, 
11) 


0 

15° L 
20° L 
25° L 


-9. 1° 
-16. 4° 
-18. 4° 
-20. 9° 


9.1° R 
16. 4° R 
18. 4° R 
20.9° R 


0. 036 
-.090 
119 
-. 130 


26. 6 
26.6 
26.6 
26.6 


16 R 
40 L 
53 L 
58 L 



F,=81 mph, ff=l6.81t>/sq ft., wing loading=32.6 Ib/sq ft. 

(b) Computation table. 




iO 

Left 



a iO 20 
Ang/e of sides/ fp, /3, deg 
(c) .Airplane steady sideslip characteristics. 



30 40 
Right 



Figure 10.— Variation of rudder angle and pedal force with sideslip in ware-off. Flaps and 
gear down, talcc-ofi power. Single-engine airplane. 
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.06r- 



CyO 




Ang/e of yow^ , deg 
"(a) Model cluiracterlstics determined from wind-tunnel tests. 
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Rudder 
angle, 
5, 


iA for r« 
equals 
!^ero 


for 

equals 
— ^ for 
C„ = 0 


Ck, for 
0 and ® 


Pedal force 


Pedal 
force, 
lb 


Cy for © 
and (T) 


Angle of 
bank ^ 
equals 

. , Cy 


T>ata taken from fig. 12, pt. (u) 


From pt. (a) Hg. 11 


0^ 
-ln° R 
-20° R 
-25° R 


-g. 0=' 
-1.9° 
+0. 5^ 
2. 9° 


9.0° R 
1 , 9° R 
0, 5° T. 
2. 9" L 


-1-0. 040 
.222 
.271 
.272 


20.0 
26.0 
26.fi 
20. G 


17 R 
98 R 
12! R 
121 R 


-0. 325 
-.150 
-.096 
-.040 


9.0° R 
4.4'' R 
2.S° R 
1.2^ R 



Vi=8l mph, g-16.8 Ib/sq ft., wing loading=32,6 Ib/sq ft. 

(b) Computation table. 
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Angle of s/des//p, 0, deg 
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(c) Airplane steady sideslip eharaclcristics. 

Figure 11.— Rudder angle and pedal force necessary to hold wmgs level in wave-ofT. Flaps 
and gear down, take-off power. Single-engine airplane. 



6r , deg 

o Run 1 4a 0 

A " /4b -/5 
Mc-20 
!4d-25 — 




Q 4 8 /a 
Angle of yaw ^ ^ , deg 

(a) Model characteristics determined from wind-tunnel tests. 
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® 


® 


® 


® 


© 


Ci for full 
right aile- 
ron, see 
fig. 7 
a = 6=' 


C« for full 
right aile- 
ron, see 
flg.7 
a=6° 


from 
ref. 6 


pbl2V 
equals 
-®/® 


from ref. G 


Cn due to 
rolling 
equals 

® X ® 


Cn to l)C 

overcome 
by rudder 
=®+® 


0.053 


-0.0050 


-.43 


0.123 


-0.047 


-0. 0059 


-0.0109 



(b) Computation table. Yawing-moment coefficient due to maximum right aileron 
deflection. 
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-20 -10 O -30 -20 -10 
6r J deg 6^ j deg 

(c) Model characteristics of part (a) cross-plotted at ^=0" 
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® 


® 


® 




C» to be 
produc- 
ed by 
rudder, 
from ® 
of (6) 
abovo. 


5r corre- 
sponding 
to® from 
crossplot 
(c) above. 


Ca, corre- 
sponding 
to ® from 
crossplot 
(c) above. 


Pedal force 
qCK^ 


Pedal 
force, 
lb 


0. 0109 


-23.5" R 


0.335 


26.6 


150 R 



Vi=%\ mph, 9 = 10.S Ib/SQ ft., wing loading =32.6 Ib/sq ft. 
(d) Computation table. Rudder angle and pedal force to hold zero sideslip with maTiraura 
right aileron. 

Figure 12.— Rudder angle and pedal force necessary to hold zero sideslip in wave-ofT. Flaps 
and gear down, take-off power. Single-engine airplane. 
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Cn 0 




'/6 '/B -a -4 

Angfe of yaw, , deg 

(a) Model characteristics deti^rminrd from wind-tunnel tests. 

Note: Each rudder Is equipped with a boost tab, which is deflected for the 
runs. 
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Rudder 
an pie, 

hr 


^ for 

Cn-0 


^for r„ = o 
equal -i/ 
for C„-fl 


C\ for © and ® 


® f® 


re<hil force 


redal 
force, 
lb 


reft r*,^ 


Right C*,^ 




0 

10° 
20" 
25° 


-2. 0^ 
-7. r 
-J 3. 2° 
-33.4"=' 


2. If R 
7. I'' R 
13.2° R 
13. 1° R 


-0.014 
-.Oil 
-.50.'^ 
-.007 


-fO. 031 
-.021 
+ .075 
.000 


+0, 020 
-.005 
.020 
-.037 


38,5 
38. 5 
38. 5 

38. r. 


20 R 

20 R 
37 T. 



X-, = 100 niph, v=25.0 Ib/sci H wing loadings 48 Ib/sq fl . 

(b) Computalion table. 



it 
B 

r 



20 



20 



Point from 
exfnop ola fed 
daia- 



^ Rudder pedal force 



Rudder angle 



(C) 




lOO ^ 

0 -§ 

100 \ 



20 



10 
Left 



20 



a 10 

Angle of sideslip, /3, deg 
Cc) Airplane steady sideslip characteristics. 



30 40 
Right 



FroT^RE 13. Variation of rudder angle and pedal force with sideslip at approach speed. Plaps 
and gear down, take-ofT power. Twin-engine, twin-tail airplane. 



.04 



.02 



Cn O 



-02 



'.04 




-16 -12 -8 -4 

Angfe of yaw^ ^ , deg 

(a) Model characteristics detcrmin»d from wind-tunnel tests. 



® 


® 


® 


® 


Atifile of 
yaw at 
which r„ 
equals 7,oro 


8ide force 
coefficient, 
r> , at 0 


.\irplanc 
lift coeffl- 
cient 


Angle of 
luiiik, 

. ,r>- 


-12. 9" 


-0.15 


1. 70 


right 



(b) Angle of bank conipuf ation table. 

Fi<aiKK M. Rudder-free trim chanicreristics with asymmetric power at low speeds. Flaps 
and ge.ir down, <al%e-orf power on right engine. Left engine propeller windmilling. T win- 
en gfno airplane. 
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-/^ '8 -4 O 
Angie of yaw, cfeg 

(a) Model characteristics dctormlnod from wlnd-tunnol tests. 







® 




® 


® 


0 


® 


Rudder 
angle, 
hr 


^ for 

r.=o 


• 3 for 

C, = 0 
oquals —4^ 
forr„ = 0 


Ck, for ® 
und ® 


ACa^ of 
trim tab 
sot to inxn 
with sym- 
motric', 
power ' 


a, total 
®+® 


EN'dal forco 


Podal 
forco. 
lb 




0° 

-20° 
-25" 


-7. 7° 
-1.3° 
+2. 2'' 
4. 6° 


7. 7° R 
1 . 3° R 
2. 2° I. 
4. 6° L 


-0. 014 
+ .020 
. 100 
.180 


+0.008 
+. 008 
+.008 
+.008 


-0. 006 
+ .028 
.108 
.188 


110.6 
110.0 
110.6 
110.6 


29 T> 

133 R ' 
515 R 1 
896 R 



Vi = 130 mph, q^\X\ Ib/sq ft., wing loa<ling=451b/sq ft. 
> Estimated from Itoin VTTTsi. 

(b) Computation table. 
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ihr 


iwun 
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600 



400 



200 



0) 



I 



Left Right 

An^/e of sides hp, fi^ deg 

(c) Airplane steady sideslip characteristics, 

FiGL'EE 15.— Rudder angle and pedal force necessary to hold zero sideslip with asymmetric 
power at low speed . Flaps and gear up, take-off power on right engine, left engine propeller 
windmilling. Twin-engine airplane. 



M6 




-BO -16 -ia '8 '4 0 
Angle of yow, \f', deg 

(a) Model characteristics determined from wind-fimnel tests. 



® 


® 


® 


® 


® 


® 


0 


® 


Ruddrr 
an pie, 


^ for 

r„=o 


equals-^ 
for C„-0 


Ch, for 
® and® 


ACa, of 
trim tab 

set to 
trim with 
symmetric 
power J 


Ch^ lotnl 

®-F® 


Pedal force 


Pt'dal 
force, 
lb. 


0 

-10° 
-20° 


-11.. 3° 
-8. 5° 
-3. 7° 
-1.2° 


11.3^ R 
8. 5" R 
3. 7° R 
1.2° R 


-0. 003 
+ .041 
.118 
.168 


0.018 
.018 
.018 
.018 


0. 015 
.059 
.136 
.186 


110. fi 
110. 6 
110.6 
110.6 


' 44 R 
173 R 
400 R 
546 R 



= i02 mph. <? = 26.6 Ib/sq ft., wing loading=45 Ib/sq ft. 
1 Estimated from item Viria. 

(b) Goni[Mitation table. 



o- 



^0 



20 















(c) 





600 




6 



16 



4 
Right 

Ang/e of sidcsZ/p, /3, deg 

(c) Airplane steady sideslip characteristics. 

FiGT'EE iri, - Rudder angle and pedal force necessary to hold 10° sideslip with asymmetric 
power at low^ speed. Flaps and gear down, take-off power on right engine, left engine 
propeller windmilling. Twin-engine airplnne. 
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TAREK T. LONGTTUDTNAE CHARACTFRTSTTCS 



[Single- aiifl t win-engino airplanes] 



Ttcm 
T 

tl 


Purpose and reqniromcnt 


Critical condition 


Rtui No. 


Description of nm 


Fig, 
No. 


Kcnmrks 


To (Icforminr if thr horizontal tail 
is large onoiiirh ii> meet retiuiro- 
mcnt of stick-fixed stability and 
if the elevator-float iiig eharneter- 
isties arc such as to mnintain 
stick-froe stability under the 
specified flight c<»ndUion. 


Critical condition will be in a rated- 
power climb, where destabilizing 
effects of power at normal flight 
speeds will tie maximum. Bpcod 
range over which stability is re- 
quire'l is to be determined from 
partictdar specification being fol- 
lowf'd. 

or 

Critical condition may occur in the 
approach, with flaps and gear dow n 
and riO-percenl normal rated power. 


lb 

2a 

2b 

2c . 


Tolars with rated power, flaps 

and gear up. 

Polars with ."iO-iiercenl normal 
rated power, flaps and gear down. 

5.= 0" 

5,= -10" 


1 
2 




To detf^rmine if ele\-ator is lar^r 
enough for neccssnry control un- 
der all normal flii^ht conditions. 


Critical eoiiditiori will be in landing 
where forward most center-of-grav- 
ity location and ground effect will 
require maximum up-eh^vator to 
.secure landing attitude. 


3a 

3b 

3c 

3d 

Ah 

4b 

4c 

4d.. 

5 


Polars wUh propeller windmill- 
ing, flails and gear down. 

5,= 

5a =-20° 

«,=-2ri' 

ii = normal -f^aij 

a, =-20' 

«,= -2.5* 

Tail otT 


3 


Runs C4a, b, c) with increased incidence are 
for the purpose of determining dCmfdii 
and dChJdit necessary for applicat ion of 
method of reference 4. Aa<, should be 
selected as change in angle of attack of 
the tail in the minimum speed landing 
attitude, computed by method of refer- 
ence 4. 

Run 5, with tail removed, required for 
dctermitmtion of Ct^, used to compute 
Aa and Aat, by method of reference 4. 


in 


To determiTic if elevator balance 
is sufUcient to raaintam control 
forces within requh'cd limits. 


Critical condition will either bo in 
landing or in accelerated flight wdth 
proi)ellers windmilHng where sta- 
bility will be greatest and conse- 
quently the stick force per g the 
highest. 

In landing, a maximum force of 35 
pounds for stick-tyi)e control and 50 
pounds for w^hcel-type control is 
permLssible (with trim lab sot at 
1.4T',uii, propeller windmilling). 

The required stick-foicc gradient in 
accelerated flight varies with type 
of airplane and must be determined 
from nylng-<iuanties specifi coitions 
being followed. 


fia 

fib 

fic 

7 


Landing: Data required arc same 

as for II above. 
Accelerated Flight: Tolars with 

propellers windmilling, flaps 

and gear up. 

«.= -5° 
«, = -10' 

ft=normal-f-Aafj 

«.= 0« 


4 


Run 7, with increased incidence, made for 
the purpose of determining dCm.ldit and \ 
dCt^Jdi^ necessary- for accelerated flight ^ 
calculations. Value of A«)j should be ^ 
determined as maximnm induced angle ^ 
at tail in accelerate<l flight. 


TABLE TT.- -LATERAL CHARACTERLSTICS 
[Singlo- and twin-onginc afrplanos] 


In 

Item 


Purpose and requirement 


Ci itical condition 


HuTi Ko. 


Description of run 


Fig. 
No. 


K em arks 


IV 

i 


To determine if the winp ililieilral 
is great enough to ])rovi<le at 
least neutral dihedral effect r<ir 
the conditions of flight six^cifu'd. 


The crilieal condition will be in the 
approach with flaps down and with 
power on wh;^re power and flap ef- 
fects condilne to reduce the dihedral 
cfTect. (This condition will nor- 
mally be worse with aili'rons free, 
but it can be checked to a very pood 
first approximation with ailerons 
fixed.) 


Rh 

Sc 


Yaw- run at approach altitude 
with flaps and gear down and 
.'0-i)crcent normal rated power. 

Sr= 0°, »/'=-30° to 30® 

&r= 2n^ tA=-3o" tt) 0° 

g,= -20°. 0°to",0^ 


5 


Army calls for stability ^t 1.2T>tRii (pro- 
pr^ller windmilling) with 5()-percent rated ' 
power. 

Navy calls for stability in **the approach [ 
with considerable power.*' This condi- 
tion will normally coincide w ith the con- 
dition outlined for the Army above. 

The angle of att ack fur these tests should be 
chovsen on the basis of Cr^m obtained in 
the wind tunnel (used in computing 
1.21%t«n) but the power {Tc) should be 
set in accordance with the estimated 
speed under full-scale conditions. 


V 


To determine if proper balance 
exists between dihedral effect 
and directional stability to 
avoid oscillatory divergence. 


Critical condition wdll Im- the high- 
speed (cii'an) condition where dihe- 
dral ofTeet will be maximum and di- 
rectionnl stability minimum (due 
to small power elTecty). 


9 


Yaw run at high-speed attitude, 
flaps and gear up, projieller 
windmflling (or highsjK'ed T/). 

a,=0", ^=-.30° to :^0'' 




Some doubt exists as to whether or not this 
criterion expresses a true maximum limit 
for dihedral. It is believed that an air- 
plane can have dihedral under this limit , 
and yet havf* an undesirably large roll | 
<lue to sideslip, and that the tolerable | 
amount actually varies with the tyjie of : 
airplane. However no specific require- 
ment expressing such a criterion exists. 


VI 

"viT 


To determine if ailerons are suffi- 
ciently etTectivo to furnish mini- 

miini (^o/O required. 

\i V / max 


Critical condition will t>e at hnv sjieed 
(flails up or down) where aileron ef- 
fectiveness is usually lowest and re- 

duct^ot^ in (.f/^) due to yawmg 

is greatest. 


10a 

mn 

10c 

lla 

lib 

lie- 


Polar witli windmilling pro|iell<»r. 
Flaps and gear retracte<l. 

=0, 5^^=0 
^ai^=^i Down, 5fl^^}i T'p 
aai=Fijll Duwii, 5a«=FulI I'p 

Flaps and gear extended. 

=0, Bn^=0 

= J i Dow^n, 6nji = ^i X'j) 
a„t=Full Down. 5a;, = Full l^p 


7 


For a single-engine airplane runs lla, b, 
and c are ntHHl^^i ff»r computations of 
necessary rudder balance. See Tabic No. 
TIE 


To determine if aileron s are eloRcly Crhical condition will be at highest 
enough balanced to furnish j speed at which requirement applies, 
•i^ 1 • "normally l).8rfr.a«. Required force 
required (^2V'>'m„ I and rate of roll varies with type of 
enough control forces. j airplane. 




Data required will be furnished 
by runs lOa, 1, and c, supple- 
mented by two-dinH^n?ionftl 
hinge-moment data. 


8 For conventional-type ailerons there are 
normally sufflcient two-dimensional data 
at hi^h Reynolds nutnT)er which will form 
a reliable basis for .stick -force computa- 
tions. 
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KEPORT NO. 7S1 XATIONAL AOVTSOHV COMMITTKK KOK AKRONAUTICS 



TABLE UT. DTRKCTTONAL CHAR ACT riHTSTTCS 
[Sitigle-onginc airplancl 



Item 



VIII 



Ptirimsc and rrfiuinmient 



To dptrrininf if sufTu-u nt (iiroc- 
tional St ability is present to 
avoid rudder-force reversal or 
rudder-force reduetlon at lar^o 
angles of sideslip. 



Critical condition 



Critical condition will be at highest 
angles of sidesll]) attainable when 
pro{)el!er is operating at a high 
thrust c(K>fncient 

Dei.>endeiit upon the airplane eotiflg- 
uration and nower-off stability char- 
acteristics, til is condition may be 
critical with flaps either up or down. 
Both flirfit conditions should there- 
fore be cneclcpd- 



Run Xo. 



12 a 

12 b, e-.. 
12d.c. .. 
12^g.... 



13a . 
13 b.- 
13 c.. 
13 d.- 



Dcscrlplion of run 



Yaw runs at attit ude correspond - 
hi2 to 1.2V%,„n (propeller wind- 
muling), flaps and gear ni>, Tr 
corresponding to normal rated 
power 

J'^i.moU-^O to 30'' for 
fir=±2fH^=^ to ->30° for +5. 

Yaw runs at attittjde correspond- 
ing to l.ir,i«n (propeller wind- 
milling), flaps and gear down, 
Te corre^xjonding to take-off 
ITower. 

^ range = 0*" to -30° 

«r = 15« 
5r = 20«» 
«r = 25° 



Fig. 
No. 



Hcniarks 



Tt shoulil be noted that the conditifni for 
which the rudder is trimmed will bear an 
important influence on the rudder-re- 
versal oharacleristics. It is assumed that 
the incremental tab effects can Ix' est!- 
mated and api^lied to tab-zero data. 

For airplane being tested for compliance 
with Army siK'cifl cations only, the Te 
and attitude reqairemenls arc loss severe 
and may be changed to the following: 

Flapsup-- Tr r)r power for level flight. Flaps 
down attitude of 1.2T'Man (propeller 
wind milling); Tr of 50- percent normal 
rated power. 

The above remark also applies to any air- 
plane on which low-spcea extreme power 
handling characteristics are considered of 
secondary importance. 

It should be noted that in computation of 
rudder required to hold steady sideslip, 
Cn due to aileron has Ix'cn neglected (figs. 
9, 10, 13, 14, and 10). 



IX 



To determine if the rudder is 
large enough for necessary con- 
trol under all normal flight con- 
ditions. 



Critical condition will bo 

(a) Maintenancr of flight with wings 
level under high thrust conditions 
of wave-off, where considerable right 
rudder is required to neutranze 
eiTects due to slii)Streani twist 



(b) Manitenance of zero sideslip for 
al^jove condition vnih ^ufTicient reserve 
mdder to compensate for adverse yaw 
inducxKl by full right aileron deflection. 



14 a 
14 b 
14 c 
14 d 



To determine if the rudder has 
suflicient balance to keep the 
pedal forces within the required 
180-pound limit. 



Critical condition will occur when at- 
tempt is made to perform maneu- 
vers listed under IX above (without 
aid of a trim-tab adjustment) after 
an extreme change of power. 



Yaw runs at attitude correspond- 
ing to l.ll%f»n (propeller wind- 
milling), flaps and g<'ar down, 
Tc corresponding to take-off 
power. 

^ range = -10'' to 20* 

«r= 0" 
«, 15° 

«r=-20° 



11 
and 
12 



Data reqnire<l will Ix? furnished 
by runs of item IX above. Orig- 
inal rudder trim with minimum 
power assumed to exist with tab 
neutral. 



11 
and 
12 



The data required to <leterniine adverse 
aileron yaw are obtained from Runs 11 
a, b, and c. 

For airplanes beinft tested for compliance 
with Army spccincations only, analysis 
may be confined to condition (b), and 
attitude changed to 1.2rMan (projxdlcr 
win<l milling) with 7*. for power for level 
flight. 

The above remark also ai>i)lies to any air- 
i>lane on which low-speed extreme power 
fiandling eh arad eristics are considered 
of secondary importancft. 



Thi' rtondition sjK'eified will normally give 
higher pi'dal forces than will be encoun- 
tered in a terminal velocity dive provided 
the rudder is assum(>d to be tritnincnl for 
high-six^ed flight before the dive is en- 
tt red . Assumption of les«« favorable orig- 
inal rudder trim may make the dive con- 
dition critical. 



WIISTD-TUNXEL DETEKArHSTATION OF CRITICAL STABILITY AND CONTROL CHARACTERISTICS 
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TABLE TV-DIKFCTTONAL CHARACTERISTICS 
[Twin-cngino airplani'sj 



Item 



VIIT 



Ptirpose and roQnironu'nl 



Ti) dotorminp if sufficiiuit diroc- 
tioiial stability is prpsnit. 

(ft) To av«)id rud(ler-p<^dal force 
reversals or reducalon a1 large 
angles of sideslip. 

and 

(b) To }M'rmit the airplane to be 
balaiuvd d!n»ctionaHy in steady 
flight, with rudder free and 
asymmetric power by banking 
(o a moderate angle. 



['o dt'tmnine if the rudder is capa- 
l>le of maintaining the required 
control under all conditions of 
steady flight. 



To dotermine if the ruddrr has 
enough balancr to keep the rud- 
diT-pedal forces within the 180- 
pound limit. 



Critical wmdition 



(a) Critical condition will be at high- 
est angles of right sideslip attainable 
when the propeller is ox>erating at 
a high -thrust coefficient. 

fb) Tln' critical condition will be 
represented by the failure of one 
engine shortly after take-off. 



Run No. 



Critical condition w ill be after single- 
engine failure where tlir rudder con- 
trol should be i)()W( rful enough to 
(a) hold ziiro sideslip at all speeds 
down to 120 percent of the stalling 
si« ed in the clean condition. 

or 

(b) Tlold at least 10° of sidesliT> at 120 
IMTcent of the stalling speed in the 
take-olT condition. 



Critical condition will be iti the flight 
condition (a) and (b) list*»d above. 



13b. 



I2n. 
12b 
12e 
1 2d 



Ma.. 
Hb. 
t4c . 
I4d. 



m. 

ISb 
15c. 
15d 



Description of r 



(a) Yaw^ run at approach attitude, 
with flaps and gear down, Te as 
called for by requirement (both 
engines operating). 

Yaw range -0 to -30° 

5r= 0" 

«,=20° 

(h) Yaw run at attitude corre- 
sponding to 1.2T^,taii, flaps at 
take-off Slotting, gear down. 
Take-off power on one engine; 
other engine, propeller wind- 
milling. 

Make runs with the rudder free 
and the r Herons set with full 
deflection in direction lo bring 
wing with dead engine up. 

Right engine operating 
^ = 0 to -30° 

Left engine operating 
^=0 tu 30° 



(a) Yaw runs at attitude corre- 
sponding to 1.2 Vet all, flaps and 
gear up. Tnkt-off power on 
rifihf engintr left engine, propeUer 
windviiUing. 

Yaw range = -20° to 10° 

&r= 0° 
5,= -10° 
5.= -20° 
5r=-25° 

(b) Yaw runs at take-off attitude 
(1.2V%tHii) flaps In take off posi- 
tion, gear down, Tal:e-off power 

" on right engine: left engine, pro- 
peller windmilUng. 

Yaw range +5 to -25° 
5r= 0° 

ar=-io° 

5r=~20° 

5r=-25° 



(a) Data required are obtained 
from Run 13 above. 

(b) Data required are obtained 
from Run 14 above. 



Fig. 
No. 



15 
an<l 



Remarks 



(a) Army calls for rudder-free directional 
stability at 1.2T%taii (propeller wind- 
milling) with W-i>ercent ratvd power and 
tab sot for trim at zero sideslip. C*, for 
tab can be estimated. 

Navy calls for no reduct ion of rudder-pedal 
force as the angle of sideslip is increased, 
with take-r)fT power and neutral trim 
tab. As the Navy does not give a defi- 
nite minimum speed, I-ITmhii (propeller 
win<l milling) is assumed to be the lowest 
speed at which this requirement need 
be met. 

Runs in right sideslip are called for since 
normally this will represent a more ex- 
treme condition than left sideslip. 

(b) This requirement is not called for by 
the Army. Navy specifications feqnire 
an^le of bank to be hmited to 15°, 25°, or 
35°, de|k'nding on ty^H^ of airplane. 



(a) This requirement api)lies only to Navy 
airjilanes. 



(b) This requiremei t applies only for 
Army airplanes. 



(a) Most s^'vere requirement applied by 
the Navy (with respect to ru<lder ijedal 
forces) . 

(b) Retjuirement (b) is usually less severe 
than (a) but is the most severe applied 
by the Army. 



APPENDIX 



SYMBOLS 
deflection of control surface 

cliango in angle of iillack at wing due to gronncl e/reel 
or cliange in angle of attack (over aileron station) 
due to I'oll 

change in down-wash at tail diu^ to ground effect 

change in angle of attack of tail due to ground eff(»ct 

change in angle of attack of tail due to induced angle 

in accelerated flight 

lift coefRcient of wing and fuse^lage (exclusive of tail) 

angle of incidence of tail 

hinge-moment coefTicieiit 

angh^ of yaw 

angle of sideslip 

n n ^ (T ' ^ /Thrust^ 
propeller thrust coeilicient 



/ Thrust \ 



yawing moment due to sideslip 

rolling moment duo to sideslip 

rolling moment due to rolling 

rolling moment due to nileron deflection 

stick force, pounds 

indicat(*(l airspcM'd 

length fi'om center of gravity to 25-percent AT. A. C. 

of horizontal tail 
nonnal acceleration 
acceleration due to gravity 
rolling velocity, iwlians per second 



b wing span, feet 

q dynamic pressure (^2^^^^)' pounds per square foot 

Subscripts: 



e 


elevator 


r 


rudder 




left aileron 




right aileron 


f 


tail 


L 


left 


It 


right 



NoTK. — Stability axes liave been used in llie prnsoiitation of the data. 
Positive deflection of cojilrol surface Is in tlie direction which will 
produce a positive force (not necessarily a positive moment). 
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